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Tie D-ese- rve^t or -e ate; to n gn-stre-gt- ~ s oreoarec "rom aaueo.s 
5 asDers.onsof 3iock coooi^ersoi v.ry aromatic -cnone's arc corrugated a-eres 

= iocK coDO.yrr.ers cf tne convent ona A-3-A woe 'or- strong •'.>mswne- cast 
f-om so u:ois ip organ.c solvents. - e use or aaueojs emersions o- ;at,ces to form - ~ s or 
articles of intricate aesicn is ore*errec to me „se o- casting mom solutions oeca^se no 
CD ection.ao.e are leasee aur~g t-e cymg stec -owever f;.m 5 of omcarabie 

to thickness o-eoarea oy casting rror, tre- aaueous aversions or at ces are ge-erai y „eak r Q 
.morove tne strengtn or sucn '„ ms , - 0 S latent 3.360.599 taugnt tn e .. se of an anneaung 
□roceoure Disadvantageous, y tms a-ea.mg proceaure reau.res eievatea temperatures 
ana/or .ong anneal, ng times As a conseauence. tre ^suiting films oner rave .nrenor strengtn 
prooert.es. Que to ooiymer cegracation, a-o/or the -me reau.rea for f Irr formation ,s 
•5 unacceotaoivong Patent - t 99.490 taugnt tne aoa,tion of a secona aateous aversion 

comprising a r.ober. synthetic r e s,n or a mixture tre-eof to e~aole tne formation of rums upon 
drying at -oorr temperature. ,n tr e aosence of such aaa.t.ve. tne oiock copolymer d.spers-on 
did not oossess aaeauate him forming prooea.es at moderate or ,ow temperatures in U.S. 
Patent 3.238. 173, there was disclosed the oreoaration of concentratea aaueous aisoersions by 
20 contacting the dilute latex wen an anonat.c hyarocaroon that is a non-soivent for the 

non-el astomenc block, removing the hyarocaroon ana concentrating the latex -he use of such 
non-soivents is unaesirao,e, cue to the aacea comoiexity of the orocess and the presence of 
residua; organic contaminants in me 'esuitma films 

Accoramg y , there remains a reed to orov.ae films preoa-ea from aaueous 
25 cisoers.ons of block coooiymers nav.r.g , morovea strength orooerties in addition. ,t wouid be 
oesiraoie to oroviae a process caoaoie of orepanng strong films from aaueous latices of oioc< 
cooolymers that uses relatively snort times ana mild temperature conations fc the annealing 
step to thereby avoid significant ooiymer Degradation Finally, it would be desirable to orov.de 
a process for the oreoaration of thin e.astomenc articles by film deposition from a block 
30 copolymer latex tnat avoids the use of additives. 

Accoramgly, the Dresent nvention comprises an aaueous dispersion which is 
capable of forming a conerent. eiastomenc. sond film which, after drying ana annealing at 
80*C for 30 minutes, cemonstrates a tensile strength of aoout 1 1.0 M^a or greater wherein the 
dispersion comonses 

35 ,a ' one or more D| ock coooivmeris) corresponding to the formula 

A-B-X,-(3-A) 
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^nere'P eacn A ^ d DOiymer alocK consisting essent'ailv or a monovrv ae«^e arorrafc 
monomer ana. ootiona-v, a coniugatea ae^e.eacnB s a ooiyme r D;o:k consisting esse" t: an v 
or a con. uga tec ciene, X s tne rem nan: ot a rnuit;f unct ona: couoi.ng agent — : s j or 1 a^a n s 
an integer r rcm ' to 5, eacn monoviny.aene aromatic monome r o : ock ^avma a we«qnt 
5 average molecular weignt from 8.000 to 15.000 Daitons. eacn coniugatea aiene diock navmg a 
weignt average moiecuiar weignt from 5C,CC0 to 200,000 Daitons 

(b) water. 

(c) ootionaily, a diluent for tne Dtock copolymer wnicn is comoatiDie witn the 
3 dIock, anc 

10 (c) a surtactant in sufficient amount to emulsify A ana C in water ana sucn that 

a frm formed from the emulsion exhibits the reauired oroDerties, 
wnerem the average A content or tne Hydrocarbon Dnase is rrom 5 :o 25 percent by weign* ana 
the A bloc* effective phase volume in tne nycroca-oon onase 'S from 10 to 18.5 percent 
wnerein the amount of diluent Dresen: is sufficient to acmeve tneaesirea effective phase 
] 5 volume of the A block ana the requirea film properties 

in one preferred emboaiment, the present invention comprises an aqueous 
dispersion of a block copolymer a process for preparing a coherent, eiastomenc film from such 
aqueous dispersions, and the resulting films. Tne block copolymer corresponds to the formula: 

(I) A-B-X m -(B-A) n 

20 "herein each A is a polymer block of a monovinyiidene aromatic monomer, each B is a polymer 
oiock of a conjugatea aiene, X is the remnant of a multifunctional coupling agent, m js 0 or ! , 
and n is an integer from 1 to 5, each monovinyiidene aromatic monomer DJock having a weight 
average molecular weight from 5,000 to 20,000 Daitons, each conjugated aiene block navmg a 
weight average molecular weignt from 40,000 to 240,000 Daitons. the total A content being 

25 from 5 to 25 oercent Dy weight of the Diock copolymer, and said A block having an effective 
Dhase volume from i o to 18.5 percent of the olock copolymer. 

In another embodiment, the invention comprises a mgn-strength film comprising 
the block copolymer described above, optionally, the diluent descrmed heremoefore and a 
residual amount of the surfactant described hereinbefore, wherein the film exnibits a tensile 

3 0 strength at break of about 11 .0 MPa or greater after annealing at 80'C for 30 minutes. 

In yet another emoodtment, the invention comprises a process for preparing a 
frm wnich comonses (1) forming an aaueous dispersion from the block copo ymer, water, 
diluent and surfactant as described he-emoefore. (2) deoositing a coating of the aqueous 
dispersion to form af-Arr and (3) annealing tne film unaer cona.tions such that tne film 

35 exhibits tensile strength at break of about 1 1 C MPa or greater after a nneai i pg at 3C°C for 
30 minutes ~h e invention also comprises fiims prepared by tne process described 
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mo.ecu.ar we,gnr Tor, 8.CC0 to : 5 CCO Da, tons, ana the con |U gatea aiene diock nas a we.gr: 
average moiecuiar wegnt ;-on~ 5C.CC0 to 1 10. 000 Daitons m -re e-iooaiment wre-e tne 
diock coooiymer , s ,n raa.ai W. tne a, ere oiocks we-ght average mo.ecular weight can r ange 
-rom 5C.CG0 to 2^0. CCC Daltors Most Dre^-acy, tne monovmy icene aromatic oo yme- o.oc* 
5 nas an ef-ectivepnase volume rrorr, to ;a.5 oercentof tne nyarocaroon onase -varocaroon 
Dnase as used nerem refers to ail of tne hyarocamon based materials in tne emulsion. exceDt 
the surfactant. Such materials mcluae tne biock coDOiymers ana any ootional diluent 

Ablena of two or more dIock copolymers may beusea in this invention All of tne 
blocK coooiymers usea oreferaolv have A olocks wn.ch have we,gnt average molecular we.gnts 
, 0 'h the range of from 8.C0O to 1 5,300 The comoosition weigntea average styrene content of 
the blenoed copolymers is preferably from 5 to 25 percent by weight. One or more of the 
comoonents may have a styrene content outs.de of tne stateo range, orov.ded the average ,s 
withm the stated range. In the emooa.ment wnerem one of the clock coooiymers in sucn a 
oieno has a styrene content aoove 25 we,gnt percent. ;t is preferrea that the styrene content oe 
• 5 aoout 35 weight percent or ,ess ana, more oreferaoly, aoout 30 weight oercent or less. 
Preferably, the total amount of blocK coooiymer having a styrene content above aoout 
25 percent Dy we.gnt is about 35 percent oy weight or less and, more oreferaol r. aoout 3C 
percent Dy weight or less. The olock copolymers can be blended in bulk and thereafter 
emulsified. Optionally, the block copolymers may be emulsified separately and the emulsions 
20 can be blended Methods of blending the bulk block copolymers or aqueous emulsions of the 
block copolymers are well-known in the art. 

in some embodiments of the i nvention, the one or more block copolymers may 
have an effective pnase volume of the A olock wn.ch is greaterthan des.red. In oroer to reduce 
tne phase volume of the A bloc*, a diluent may oe olended with the block copolymer to reduce 
25 tne effective ohase volume of the A block in the hydrocarbon phase to the reouireo ordesireo 
levei. D.luents useful in the invention are materials wnich are compatible with the 9 block, that 
is, such diluents are soluble in the B block or form a s.ngle pnase with the B block wnen the 
diluent is m.xea w.th one or more block copolymers. Further, useful diluents do not degrade 
the propert.es of the films prepared from the aaueous emulsions of the .nvent.on such that the 
30 tensile strengths are less than 1 1 0 MPa wnen the films are annealed at 80°C for 30 minutes 

Among preferred d.luents are hydrocarbon oils, naphthen.c oils, polymers or oligomers den ved 
from monomers nav.ng olefin.c unsaturate comoat.ble with the 3 block, or mixtures thereof 
More oreferrea ailuents are the hyarocarpon ana naohthenic o.is with the most preferrea class 
or a.iuents oemg tne nyarocaroon o.is. "he oreferrea nyarocaroon and naohthemc oils are 
35 selected accora.ng to the ultimate ena use and the cost of sucn oils Among preferred oils are 
Tufflo- 6056 minera. o. (trademark of Atlantic Richfield Comoany) and Shellflex- 371 mineral 
on (traoemarK of Shell Oil Comoany, The oreferrea ooiymers useful as diluents inciuae 
oolyisoorene. ooiyoutadiene, polyethylene vinyl acetate, oolyethylene methacryiate, 
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in rnose emcoaiments wne-e a anuent s present. :re effective pnase voiume cr 
:ne A dioc< n :ne nyarocaroor erase is reoresentea dv formula 

wnere: °-(wt r ) s tre weignt percent c;:uen^ present, ana 

^ ,s tne ae^s«:v o* the anuent present 

For taoered diock coooiymers, tre aoove nume r ator is further multiplied Dy a 
correction ractor eauai to (where i is tre aegree of taoerness) to account for the isolated 
monovinynaene aromatic polymer content, me degree of ta D erress m tne oiock copolymer s 
the percentage of total monovinylidene aromatic poiymer units mat are -soiated. Such isoiatea 
monovinynaene aromatic poiymer units are trose segmentsof monovinynaene aromatic 
polymer surrounaea on ootr siaes by conjugated aiene oolymer units and are easily 
determined by the use or nuclear magnetic resonance soectroscoDv as aisciosed in Mochel, 
Rubber Chemistry ana Technology 7 40 p 1200 (1967) Because su cn <soi ated doi ymer units 
ao not cortnoute significantly to tne phase represented by tne monovmyiiaene aromatic 
^ poiymer biock, taoered block coooiymers possess an effect ve monovi nyhaene aromatic 
oolymer pnase vol ume tnat is significantly less than the weight percent monovsnyhcene 
aromatic monomer content 

At lower monovinylidene aromatic monomer effective pnase volumes, especially 
ror polymers wnerein the monovinylidene aromatic monomer biock molecular weignt is 
2Q relatively low, tne tensile properties of the resulting films are unacceptabiy low. At higher 
monovinylidene aromatic monomer effective pnase volumes, the disoersion does not readily 
torm films, especially at mild temoeratures from 25°C to 90°C Moreover, films from such 
polymers require 'onge^ penoas of time under annealing conditions and/or higher annealing 
temoeratures to acmeve maxi mum tensile strength properties Such films are suDject to 
^ aolymer degraaat:on resulting m films possessing poor tensile Drooert:es. especially ultimate 
tensile strength. 

SuitaDly, the weight average molecular weight (MJ of the Diock copolymers is 
from 60,000 to 240,000 Daltons, more particularly, from 65,000 to 200,000 Oaltons and, most 
preferably, from 70,000 to 200.000 Oaltons. In the embodiment where the block copolymer >s a 
'adtal block copolymer, tne weight average molecuiar weight is preferably apout 300,000 or 
ess. In measuring the molecular we.ghts of copolymers herein, the technique employed is that 
of gel permeation chromatography (GPC) using polystyrene stancarcs. 

Purirer preferably, the 3 block of the block coooiymers employed herein 
comprises a nigh ■ 4-content oolymer of a conjugated aiene By this is meant that the 3,4-vmyi 
^ *unctionai,ty(or < 2-vinyi functionality in the case of outaaienei of the resuitmg coniugatea 
a.ene ootymer diock is oreferaoiy oeiow aoout 1 0 weignt percent for piocks not containing 
outadiene or m tre case of blocks comprising butadiene, prereraoiy bemw aoout 25 weight 
percent 
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: s oe'.-evea ; z -ct dcree^g ;o oe dcu-*c dv s jcr oe^e*"i :^o: ,vnen :ne 
" ro;:rv ' ce-e i-ora: ccoivre-o oc-.s oossess tre D'e,:o^si r state- e w ect;ve Dnase :c,.^e 
; " ernc ' rov r >:'ce-e d'onai.cco. y^er diocks coalesce, :-e r eoy ca_s;nc tre ooivmer m atnx :o 
oossess a nar~ catec o- sorer ca, m 0 r D n 0 ogy :r s:eac = a c/.«nar:ca o- .ame-iar norono-ocv 
5 S^c^ mo'Dno>og,. s cesrao.e ; or :ne rormanon of f ims --on? atexes navmg gooa strengt- 
crooemes anc ; ~ -ormatio- -ates Sucn moronoiogy as we.i as t~e conceot of Doiyme- dock 
onase voiume. are c;sc;osea r S . Aggarwai. 5'ock ^o'v-e-s . Plenum »ress. p. ■ 02- 1 03, ( 4 970) 

s f urtre' De<>evec ibu: ro: agreeing to ce oouna cy sue- oeueM :nai tre oamcuiatea or 
sone-'cai mcrono eg/ wmch is oresert n tne A oiock ;s trse discontinuous onase wmcn 
' 0 *aci states :ne formation c: staoie emj:s;ons ara Sfcng vrrs. 

3loc< coDoiymers ana tecnniaues for tneir oreoaration are we' I -known in tne art 
Sucn DOiymers may oe oreoarec oy seauent;ai anionic DOiymenzat.or utilizing ai<ynith.- um 
mt.ators. sucn as n. 0u tyil ith. um ana sec-Dutyl!,tmum ~-ey may a so oe DreDarea oy couonng 
° T i]V, "9 diock coDOiymers or D y jsmg soiuole a functional ..thium ^itiators sucn as 
15 V3-Dnenyiene-DiS(3--etn 7 l-^onenyioenT V i.aene)-Dis-(i.tn!um) f o- simitar -mtiator as drseosea 
«n U.S. Patent 4/96, 154. 'ne dIock copolymers may oe taoerea or un:aoerea. That is, the 
.unction between :ne separate oiocks may oe gradual or aDruot. L'ntapered block cooolymers 
may De formea ov completely polymerizing eacn monomer comoonent before aaamg the next 
oiock forming monomer to the reaction medium containing the living polymer anion 'aoereo 
20 block copolymers may be formed by cooolymenzmg a mixture of the monomers using the 
previously mentioned difunctional m tiators. Due to the differing reactivities of the 
monomers, a relatively pure d ene oiock initially forms, followed by an intermediate portion of 
sucn Doiymer containing increasing amounts of mtersoersea monovi nyi idene aromatic 
ooiymer, and fma;iv a reiative'y Dure monovt nyt idene aromatic ooiymer Dlock. 
25 After ooiymenzation accord ng to one of tne foregoing anionic polymerization 

tecnnioues. the living poiymer anion is terminated by addition of a terminating agent 
containing a reactive hyarogen, or coupied by a coupling agent containing multiple leaving 
groups Suitaoie terminating agents i ncluae water, alcohols and carboxyhc acids. Suitable 
couol.ng agents mc:ude ethylene dibromide, methylene cnlor.de, carDon tetrachloride, silicon 
30 tetrachloride, ana aichloroaimethytsilane Additional additives can be added to the reaction 
mixture oefore or after the polymerization is completed for purposes of stabilizing the 
Doiymer, preventing discoiorauon or tor any other suitable purpose. The Dolymenzation is 
normally conducted in an organic solvent sucn as rexane, toiuene. cyciohexane, Denzene or a 
m xture thereo* 

35 Surfactants usefui in the invention are those wmcn emulsify the clock 

coDOiymensj ana oot.onai ciuen: m wate- Anionic, cation, c ana noaon c surfactants may oe 
^sea, with tne amomc ana cat;on c surfactants oemg preferred Eve* more orefe^red 
sur-actants are tne C- 2 .: 0 saturated ana unsaturate cansoxytic ac.o* or salts thereof, sulfated 
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a:ky:onenoxvDoiy<ethvieneoxy)ethanoi afkan or ammonia saits ana n:a k V ' este-s or atkai 
n*etai suifosuccimc ac:c (for examoie Ae-osoi OT dioctyi ester o* socurr suifosucc ^c ac.c 
avanaoie trom American Cyanamio). Even more Drere^rea are trie C- : 3C saturated ana 
unsaturated carboxvnc ac:ds or saits trereof ^ere-rea co-jntenons are :*e aikah -etaisanc 

5 ammonium ions Among the most ore^ec surfactants are stearic aca, imoie.c ac.a. -o^en-c 
acid, launc acid, oleic acid (for examoie. mdustrene M ^5 oleic acic. avauaoie '"rom M Umk0 
Cnemicai), aikah metal salts of disproDortionatea -osm (for examoie. Dresenate'" 2 '4 
potass^m salt of a isDroportionated rosm, Dreaominan^iy abietic acid) Preferaoly. the 
surfactants have an HL3 of about 1 5 or greater ana, more preferably an H LB of aoout '8 or 

;q g r eater. 

7he surfactant is oresent in a sufficient amount toemuisn'y tne oiock copolymers; 
and optional d.luent. \ z too much surractant is usea to preDare *ne aaueous emulsions, rums 
o-eparea from the aaueous emulsions wiil not demonstrate the oesireo tensile properties 7ne 
reason is that a significant amount of the surfactant will remain in - he fiim wmch s formed 

•5 from tne aaueous emulsion 7he maximum amount of surfactant useful is relatea to now mucr 
surfactant is retained in the film More than this amount may be usea \ f the excess portion is 
removed prior to filr- formation or can b? leacneo from the film prior to annealing. PreferaPly, 
about 0.5 percent by weight or more of surfactant is oresent and, more preferably, * oercent Dy 
weight or more is Dresent and, even more preferaoly, about 2 percent 0y weight or more .s 

20 present. Preferably, about 10 percent by weight or (ess surfactant is used, more preferably, 

aoout 8 percent by weight is used and. even more preferably, about 5 oercent b y weight or less 
is used. Where a portion of the surfactant is removed prior to film formation, up to aoout 
20 percent by weight may be used, provided no more than aoout 10 oercent oy weight is 
present in tne final film 

25 To produce an aqueous dispersion (mtercnargeably referred to herein asan 

emulsion or a latex) the polymer, usually in the form of a solution in an organic soivent, is 
dispersed in water using a suitable surfactant and the organic solvent is removed One suitable 
procedure is previously disclosed in U.S. Patent 3,238, 1 73. Emuis.fication can take place Oy any 
of the we.l-known means for this purpose and the specific means uti:ized does not form an 

30 essential aspect of the present invention in one embodiment, the block coDolymerand 
optional d.luent are dissolved in an organic solvent, in such embodiment, a oortjon of the 
solvent is removed until the sonds level is preferaoly about 30 percent oy weignt or greater 
and, more oreferably, about 40 oercent bv weight or greater. Preferaoly, the sol. as content is 
aoout 50 oercent Dy weignt or .ess Thereafter, tne oIock coooivmer and ootional d;luent are 

35 contactec with water and surfactant with agitation to emulsify the mixture 'hereafter, tne 
remaining solvent ,s removed by conventional means, such as rotarv evaooration or vacuum 
distillation Preferaoly, the solids levet is aoout 2C oercent bv weignt or greater anc more 
oreferaoiy, aoout 28 percent by weignt or greater Preferably, tne solids levei .s aoout 
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~5oe r Cr'"* o . ^ e g n t o r ess m C 'e o-e'e'ao; . :co. * 65 oe-ce-t c r .veg^: cess I-e^a ,. 
'"e^-oe^c^'aces zeo'^e'esj : atex oa r< ces s ess t~3^ acout 5 I u;Y ~o r e 
o r e le-cD y •-c~ >. ^ to 2 Z u*v! 2r e*eraD,, atex part oes c^eciSDe-sea DO:v^e r oa-: c es ■ 

•"eac.eo.s^eai.Tja'esDre^ca r 5 - aDe 
5 o o^epar e a m "om tre aiex. a ^.taD;e 'o r ^ -av-ca s~'~ace -r t~e s-aoe o* 

t*e aes rea resc.t.rg create: toDtionasiv ravi-g a surface coat.rg of a su;taoie suostarce to 
promote * im ^errova, ard/O' atex aeoos-t.on as orevio-iSiy <nowr m t-e art) is ccatec w;tn tr 
atex ana tne water *nerearter renovea dv evaporation A Drefe-rea latex ^o' use m tre 
manuracture of c;ooea gooas m tre T orego;-g rranner cortams -rom 20 to 70 we; art percent 
iq DOiymer. more orefe-aDJy *>om 25 to 60 we : grt percent A secona or r.rtne^ <ayer may oe 
appnec in the same manner to acmeve tmcxer -;:ms. 7-e turn 'esu.tmg from tne forego ng 
oroceaure mav oe ar ea ana annea.ea, if ces.rea, oy any Suitable tec-nicue. esDeciaiiy ov 
neating ?*e*e'aDie temperatures for arying ana annealing are *>om 25 7 C to 1 3C = C. more 
□refe-aoiy, rrom 3C°C to ■ 2C 3 C ana. most prefe^aDiy, 'rorr SC°C to 90°C. Suitaoie times tor 
15 arying anc anneaung are rrom 1 minute to 'C^ou^s ore'eraDiv from 1 mm jte to 60 minutes 
At nigrer temoeratures, snorter arytng ana anneaung t:mes are reauirea. The ary.ng ana 
annealing steDS o* the orocess may be conauctea simultaneously or separately =or examo e, 
multiple nlm 'avers may De aepositea ana dried before the resuming structure is anneaied. 

The fum thickness is determined by the ultimate use. T ne aesired film thickness 
20 r or the uses for which the films of tne invention may oe used are wen-known m the art 

Prefe-aoly, the fiims nave a thickness of about :3 mm or greater ana. more oreferably. aoout 
20 mm or greater ^ere-aOy, the films are aoout 3 0 mm or less anc. most preferably, aoout 
30 mm or ess ^e ^ims of this invention oreferaoly exmbit a tensile strength at oreaK of 
about • ' 0 MPa or greater after anneaung at 80°C for aoout aoout 30 minutes. More 
25 oreferaoiy. tne vims exmbit a tensile strengtn of about " 6.5 MPa or greater ana. most 
oreferaoly, aoout 22 MPa or greater wnen anneaiec uncer sucn conaitions 

Films naving adhesive properties may oe Dreparec by incorporating a suitable 
tackifier, usually a low molecular weight organic polymer such as a oolyteroene or sim.iar 
compouna. in the film Additional formuiants sucn as ohs may also oe aodea to modify the 
30 adhesive prooert.es of the resulting film. The tackif.ers ana other formuiants may oe aaaed to 
the polymer solution or incorporated into the latex. T^ e resulting modifiea latex may oe 
turther concenrratec and codiea onto a suostrate sucn as a masking tape backing Th e 
substrate/film combination may trereafter be aned ana optionally anneaiec to form tne firai 
Droauct 

35 Having aesencea the invention, the foiiowing examples are oroviaea as further 

• llusfation ana are not to be construed as limiting, un-ess statea to tre contrary, parts ana 
percentages are exoressea on a weignt oasis. Effect' ve onase volumes were caicmatea us:ng 
tne previousiv a.saosea formulae (11 ana in). Por sum calculations, tne densities or tne 
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^'trrs or Stv r e^e'isoore^P'S:vrene Bfock CoDOivme r 
An aaueous aisoe's on ,\as *o^mea *rom a cycionexane solution of a 
5 stvrenensoorene/stvre^e t-:o;ocK coDoivmer na^rg IV! ... or' '36,000 3a;tons. arc a stvrene 

content or 14 weigrt percent anc 12 volume oerce^t (effective Dhase volume) surractant 
usea was Alipai CO-436 su fated nonyipneroxyooty(ethyleneoxy) etnanol at a 3 oercert dv 
weignt levei Molecular weignts we'e determined oy gei permeation cn romatograonv usmg 
polystyrene sranoards ana corrected for aiene content The ooiystyrene enabiocks naa weignt 
: 0 average molecular weights of 9.500 Daitcns "he Dolyisoprene block M w was 1 1 5.000 Daltons 
T ^e solvent was removec and the disoersion concentrated to 5<i Dercent solics dv weignt 
Two-layer films were oreoared ov coating giass Slides witn the latex, drying tne films at room 
temoerature to remove water ana repeating the Drocess. The firm were seoarated from tne 
support ana cut into test SDecimens The *':ims we-e translucent ana had a th c<ness of aoout 
15 0.25 mm Soecime^s were testea witnout anneaung and after annealing at 8C 3 C for the times 
identified m Table !A. Tensile strengtns were evaluated according to ASTM-D-4 1 2-80 Samples 
were die-cut into aumDbell shaoes naving gauge lengtn o T ' 25 mm and a width of 3 mm 
Cross-nead speed was 50 cm per minute Results a e contained m Tablr IA 



20 



Tabie IA 

Strength as a Function of Annealing Time 



minutes 



Tensile Srengtn at 3reaK 
(MPa) 



0 
0.9 



2 

16 9 



8 

20.2 



! 0 



20.3 



30 



Addironal film samples were annealed at reduced temperatures. Results are 
contamea in Table IB. 

Table B 

Strenatn asa Function of Annealing Temperature-Time 



Temp. (°C) 


40 


40 


50 


50 


50 


60 


70 


70 


Time (mm ) 


4 


16 


4 


16 


4 


16 


4 


16 


Tensile Strength at 
Break (MPa) 


9 


3.7 


4 1 


9 9 


7 .8 


18.1 


17.2 


18.8 



As mav oe seen by reference to the results of Taoles IA and IB, films naving gooa 
tensile strength orooerties, as indicated by tensile strength at break values, can oe formed 
according to tne oresent invention witnout the use of additives sucn as additional copolymer 
latices oraiiDnatic solvents even at relatively low annealing temperatures from 40°C to 80 J C. 
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- - ^ ° a r a ^ ve ~ " c 3 go Cc co ,~~e r - : . ^ c ^e-a: ve 1 , ^c°c D c ^ s: -e^e :td cc- 

A a sD6 r S G r .vas raae* r :r a s:. r e^e soc r e~e r^r?n e: , OCK cocov^e- -av-c 
v ... gt 2C 030 Da to^Sc r c "avmc a s*v r e n e come n : c * * 5 we'G^t ?e r ce n :a°a : 5 voiurre 
ce r ce^: Tn e Dotyst.'e^e e n CD:oc<s raa mcsec j :ar ,ve- gnts o ? ' * 5,330 3a. tons The 
oo'v:soore-e ce-:e'o:oc< -o eaia^ we grs: .vas ' 74 000 Daltcns >e disoe'sion ^sec «n 
~ 3K:ng tne *''ms naa a so; cs content c 54 wegnt cerce^t ~'-e ; '.~s ,ve r e an^eaiea at 80 : C 
-or tne times laerv'-ec n "aoie : tor— at on ana testing we-e accoramg to tne 

:ecnrvcues of ExaTce ' ^esu.ts are co~ta.~ec ^ T a oie 

~aoie 1 

St r e°G r n as a ^unction Annealing 

^i^utes 0 '6 60 '20 240 

"ensue St r enatn a: Brea* 0.2 * 6 5 4 3 5 9 4 

:MPa) 



20 



25 



30 



Corroareci to the r esuits of Tabie i, .t may oe seen tnat diock. copolymers having 
'onger ena block vinyl aromatic DOiyme- :engtr reaire longer anneaii-g times ana/or higher 
annealing temperatures to achieve maximum tensile strengths 

Comoararve 3 Films of Biock Codoi ymer Having Relatively Short Enablock Length 

A dispersion of a styrene-'soorene-styrene Diock coooiymer was oreDared as in 
Example 1 The tr; D iocK coooiyme- naa a IV!. A of 85,000 Daitons ana haa a styrene content o* '6 
we>gnt oercent arc 1 5 volume percent "he ooivstyene encbiock mo ecuiar weignt was 6800 
Daitors T^e Doiyisoore-e olock moiec \ a r we: gnt was 7^ COC Oa-tons -im samotes were 
nreoared by aeposition onto glass ana anneaiea at 8C°C, as in Examoie : Jesuits are containea 
in Table III 

^abie <H 

Strength as a Function of Annealmc Time 
minutes 0 4 1 6 1 20 

"ensile Strength at Break < 4 5.0 6 7 7 5 

(MPa) 
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2 v comparison witr tne res^i :s of Ta Die , : ^a; oesee n *^at r e!a;ive'v snor. 
2nGD GCK ,s " n - aromatic ooivme r engtn e ves p.oc* copolymers nawnc ra 01 c anneai.ng 'jnes, 
out tensiie strength orooemes nav oe reaucea 3v con: r oii in a tne i en<u.n of :re 
-o^ovinv.iaene aroma:- c oloc* : s possioie to maximizetne tensi le s: r ength or tre dock 
5 :ooo;vmer arc minimize tne annealing Time ana temperature r eauirements 

Example ? - -rm of Racial BIock Ccooiymer 

A disoersion of a four-armec styrene-isoprene diock coDc> 1 yme r couoiea witn 
5. 11 con tetracnioriae was oreparea as in txamoie 1 ~he polymer naa an apparent moiecuiar 
yveignt Dv gei oermeation chromatography (GPC) of 227, GCO Dai tons T he styrene content was 
d weignt oercent, : 3.2 votume oercent 'he ooiystvrene enabioc* weight average moiecu ;ar 
weight was • ' 300 Daitons The ooiyisoorene raaiai blocK aoparent weight average moiecu ar 
weight was 182.000 Daitons F : im samples were DreDarea Dy deposition onto glass ana 
annealed ana tested as \n Examoie 1 Results are comomeo in Table IV 

J Table IV 

Strenqtn as a Function of Annealing Tme 

minutes 0 4 16 60 

Tensile Strength at BreaK 14 14.9 19.1 210 

23 (MPa) 



Example 3 Films of a Tapered Block Copolymer 

rums of a symmetrically taoereo styrene-isoorene-styrene block copoivme- 

25 containing 26 weight percent styrene, an overail moiecuia^ weight (M w ) of 228,000 Oattors. a 
measurea isoatea styrene is 52 percent and effective onase volume styrene content of 
aoproximately 1 1 percent were prepared as m Example 1 The polystyrene endbiocK molecular 
weight was measured by degradation analysis and GPC to be 9700 Daitons. Films were cast on 
giass slides, dried at room temperature and annealed as in Example 1. Strength properties 

3Q were tested according to ASTM-D-41 2 after annealing at 80°C and at various temperatures 
^esu.ts are contained in Tables VA and VB. 



35 
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' ens. ■ e vre^ctr 



4 8 



'6 :0 
• : 8 • 3 - 



'3 Die v3 

-t r e n QT as a -unr- g-~ A^pea 1 ng Te^pe r aiu- r e- 



c: 60 60 70 ^0 

i-i5i<e S"p"GT" a: -'-a* ' " ^9 : j 5 3 



80 80 90 90 



Comparative C Fi!rrs of a TnbiocK Copolymer having Too Large Polystyrene Content 

3isoersons we r e preparea from a toluene solution of a 
styrene/butaciene-st/rene tnoiock copoiyme- T he poiymer weight average moiecu.ar weignt 
2C was approximately 1 00,000 Daltons. The ooiystyrene content was 30 weight Dercent, 29 
voiurre percent The polystyrene endblock moiecuiar weight was ■ 5,000 Daitons. The 
polybutaaiene oiock moiecuiar weignt was 7C.000 Daitons. When cast onto a ciean glass pi ate 
according to Exam Die 1 severe cracKing of tne film occurred. No conerent f;im could be 
formec at room temoerature 



3C 



Comparative D 

A disoersion was prepared from a cyc;onexane solution of Kraton'"* ■ 1.1 
styrenensoDrene-styrene diock copolymer containing nominally 22.7 percent styrene having a 
molecular weignt of 147,000 and styrene enablocK iengtn of 16,700 The film was annealed at 
80 3 C for various times, the results are compnec in Table VI. 

Table VI 

'ineatSCX(mn) 0 4 16 60 

T5 at B'ea< i.MPa) 0.35 '90 -96 'i 6 



35 
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o a cvcionexa^e sc:ut on o* :re oioc coDoiv^er cesc;oea m Comparative a was 
aaaea £A oe-cer: ov weign: casea on -re oiock cocovme- o* an a..ona:.c .nme^a. on ~h:s 
oieno Aas c.soersea n ^a:er as cesoioea - Examce j-c :*e cvconexa-e was --ovea bv 
5 3:s;i;.otiop T-e stvene onase voiume n :-e nyarocarocn onase was ca.cjiatec to oe 

9 oercent oasec on :ne assumot.on that a;i or't.ne r--nerai oi is contamea in the outaaiene 
onase 'he disoersion was cast on a ciean gia ss piate whtc^, .oon crying, ie ft a cone-en t rum 
~ne Tiim was annea:ed ir. a ;orcea-ai r oven a: 8Q°C Samples were *ested r'or tensne strength 
after vanea annealing times. T he resets are com D i ea in ~aoie VII 

'0 

Table VII 

Tirr.e at S0°C ; 16 30 50 

I min. ) 

Tensile Strength, 1.7 10.1 11.6 11.7 
15 (MPa) 

Example 5 

A dispersion was made f r om a cyciohexane solution containing 35 percent by 
weight of a styrene-isoorene-styrene blocK copolymer containing '8 oercent by weight 

2Q DOlystyrene (15.9 volume Dercen:) with the structure Doiystyrene-poiyisoprene-ooiystyrene 
being 1 0.000- 1 1 0.000- 1 CC00 This solution was dispersed into water using AI, Dd i - CO-436 
surfactant at a level of 3.0 oercent by weignt basea on ooiymer solids. After the disoersion was 
formed, the solvent was removed under vacuum to give a o.sDersion that was 59 oercent by 
weignt soi.as Films were cast onto giass oiates in two layers and aned 2- 1 6 hours at room 

25 temperature to provide a dried film thickness of aporoxi mate! y 25 mm. These films were cut 
mo samples, anneaiea at 80°C for various t. mes ana tested according to ASTM-D-4T 2. The 
results are complied in Table VIII 

Table Vill 

30 Annealing Time 0 2 8 16 

at BO^C (mm. ) 

TS at break .57 3.23 11.5 13.5 

(MPa) 



Exam ple 6 
35 



A aisoersiORof styrene-isoorene-styrene diock copolymers was prepared as in 
Examme i ^olvmer A was 1 4 oe r cent stvrene M 2 4 vo.ume oercent st/rene) w.tn a structure 
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3oiys:vre^-co:,soo^e- C c,s:v^eo-95C0-:9.CC:-95:c *o*w 3 ,vas ' I percent s: . ^ 
• 32 _ /0,J ' re ° erce ^ s: ^ J - str.ciL-e do vs: .---oo.ysoDr, --oc, , s^ene o- 

^uc:-<: 2CG = — samo-es .ve^e reoarec c-g ass a-c anr.?aiea 35 aescr oea ir 
:xarT, ° 6 ' ^e^e^.;sare --d- ec r' ao -.e XA 

~ao;e ■ *A 

Anneal : r.z Tine 

a: SOX (a:n. ) 0 2 9 16 

Sample A .90 16.9 2C.2 ;o.3 

Sample B .21 , 31 • 55 



Samo.e A was arneaiea at temce-atures oeicw 7ZX. Strenctn after 4 ana 1 6 
minutes ^asnctea The resuts ore como.iea r. Tao.e iX3 



20 



Table i>B 



Temper at are 


70 


60 


55 


50 


40 


Strength 4 .Tin. 


17.2 


7 . 8 


6 . 9 


4 . 1 


1 . 86 


Strength 16 mm. 


18.8 


18.1 


19 . 9 


9.9 


3 . 7 



Example 7 

A disDers.on was preoarea from a cycionexane solution or a 
styrene-o.tacene-styrene tr-olock cooo.ym^ con:am,ng - 7 we.ght oercent stvrene hav,n Q a 
25 -n O .««.iarw«,gntof:4S.00C Tn,s correspond to 1 6.5 vo,ume percent stvrene Themo.ecuiar 
we.ght of the oo.ystvrene en db ,ocKs was J 2.300 After ory.ng at room temoerature. samoles of 
:ne ft,m were anneaiea ,n a forced-a.r oven at 8CTC for vanous t-mes. Tne results are complea 
m Table X 

Table X 

30 Time at 8 ° Cc 4 16 60 300 

(.•nin. ) 

Strength ( MPa ) 3.4 11.7 12.0 21.2 



Examp e 8 

35 



D soers; ons we r e prepared frorr both toluene anc cycionexane soiut.ons of a 
styrene-.soorere-s:yreretr:block copolymer conta.n.na 1 5 we-gnt percent stvrene Th„ 
corresponds to 3 2 vo.ume oercent stvrene After c 7 ,g ax temperature, sarrp.es were 
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anneaiea <n a rorcea-d: r even a: 30°C 'or varcus ti^es ~*-s snows mat enner anonat.c or 
.iromatic solvents — av ce 'jsea zo oreoare rji sDe r si c^s w^c 1 anneal to n an strength ~'-e 
r esuits are como-iec :n "a Die A; 

^aoie x 

Time a: 3 OX 2 3 3 0 60 

"oiuene '29 * 3 3 2Q 5 211 

Cycionexane 8.0 '3.2 '7 9 '9 9 



10 



20 



25 



30 



35 
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C I a 1 T\ s : 

An aa-eows c:sce-s o- wmc- s caoac e c *orm ~c a core^e-. easto-e- c 
so ia — .v-:c- z-e- 2 -..~ g arc ar-ea.,rg at3C"C — 50 - — es se^c-svstes a te-s - 
c-r e r>g— c* ' ' Z \Pa c r g -eater /;ne^- t^e c:sDe r s o- courses 

'aj ore cr -tore d oc- coooivme^s) ccr'escona' -a :o tne •cr^-.a 

= A-3-X--.3-A) 

^nereineacn A sa DOiyne r oiocr consist; ng essentially of a 
monovmy iaene agnatic -onorre^ ana. oot onaily, a cor-ugatea cne-e, 
eac- 3 is a Doiyrrer oiock consisting essentially o- a conugatea ciene, x is 
tne -ef^nan: o* a multifunctional couDurg agent, m is 0 or \ arc n s an 
,Q ntege- from 1 to 5, each monovmy ,aene aromarc mo^cme- oiock n 5 v;ng 

a wegnt average ^oiecuiar we:gnt ; rom 8.0CC to : 5.CC0 Dai tons, eac- 
comucatea cie^e diock r 3 v,ng a we.gnt average .^oieco.ar weicrnt :>cn 
50.CCC to 3CC.0C0 Daitons 
1 o) wate r 

'5 fc) optionally, a diluent -or t-e biocK copolymer wncn is comoatiple with the 

3 bioc<, 

(d) a surfactant m sufficient amount to em Ul sify A and C :n water ana sucr that 
a film formed from the emulsion exhibits tne required DroDerties; 
wherein the average A content of the hyarocaroon ohase .s from 5 to 25 oercent by we.gnt and 
20 tne A bloc* is from 5 to 25 weigm oercent of the hydrocarbon onase ana the effective phase 

volume of tne A block ;n the hycrocaroon phase is from 1 0 to 18.5 percent wnerem the amount 
of the ootional diluent present -s sufficient to achieve the desired effective pnase volume of the 
A block ana the reauired f-im oroperties 

2. A aispersion accoramg to Claim 1 wnicn comprises. 
25 (a) one or more dIock coooiymers, 

(b) Abater, 

(c) a diluent comprising a napnthemc or hydrocarbon on or a poivmer 
compatible with the B block of the copolymer, and 

(d) a surfactant. 

30 3 - A d'soersion according to Cairn 2 wherein the surfactant is oresent in an 

amount of from 0.5 to 10 percent by weignt. 

4. A nisoersion accorairg to Ciaim 3 wnerem tne monovmyhaene aromatic 
monomer , 5 styrene and the conjugated d'ene is 1 ,3-butad ene or isoo^ene 

5. A dispersion accordi rg to Claim £ wnerem the effective Dnase volume of tne 
35 monovinyndene aromatic ooiymer b ocks is f'om 12 to 18 percent 

6. A disoe-sion according to Claim 5 wnerem tne weignt average molecular 
weignt of the one o- more diock coooiymers s from 60.0C0 to 240. 000 Daitons 
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A a.soe-sion accoramg :c Cairn 6 wne-e-^ *me surractanr is a C . . carooxync 
aca or sa : >r e r eo* ~avmg ar r l3 or ' ; o - crea:e r 

3 A a;soe r sio~ according :c Ciaim ■ .vmcn comonses :,vo c more oiock 
:oDOiy^€'s .vater ana a su-faaant wne^e n me average A o ock content o; :ne two or more 
5 o ock coDolvrr-e-s ;s "on 5 to 25 oerce~t oy weignt ana wnerem me -onovi nvnaene aromatic 
monomer oiock of eacn of the two or more biocK c3DOiyme-s has a weight average molecular 
weight of ->om 8.00C to 1 5,000 Daitons 

9. A dispersion according to Claim 1 wherein the surfactant is oresent in an 
amount of from 0.5 to 10 oercent bv weight. 
10 ■ C A oisoers;on accoramg to Claim 9 wnerem the morovinyhaene aromatic 

monomer is st/rene ana the conjugated ciene is 1 ,3-butaoiene or soorene 

• ' A oisoersion according to Ciaim \2 wnerem the effective Dhase volume of the 
monovmyi-aene aromatic coiyme' dIocks is from 1 2 to 18 oercent. 

' 2. A a soersior according to any one of Claim * \ wneretn the weight average 
15 motecuiar weignt of the one or more Dlocx coooiymers is from 60,000 to 240,000 Oaltons. 

' 3. A dispersion according to Claim 12 where- n the surfactant is a C carboxylic 
acid or salt thereof having an HL3 of 1 5 or greater. 

'4 a orocess for preparing a film whicn comprises: 
(1) forming an aaueous dispersion according to Claim 1 , 
20 (2) deoositirg a coating of the aqueous dispersion on a surface and drying the 

coating to form a film, and 

(3) annealing the film uncer conditions such as that the film exhibits on tensile 
strength at oreak of : 1 0 MPa or greater 

' 5 A orocess according to Claim 14 wnerem the f;im is anneal ea at 30 to 1 20*C 
25 for 1 to 60 minutes 

' 6 A process according to Claim 1 5 wherein the surfactant is present in an 
amount of from 0.5 to 10 oercent Dy weignt. 

<7. A film prepared according to the orocess of Claim 1 2 wherein the film exhibits 
a tensile strength at break of 1 1.0 MPa or greater when annealea at 80 C C for 30 minutes. 
30 18. A conerent, eiastomenc, solid film comprising: 

(a) one or more b^ock cooolymer(s) corresDondi ng to tne formula: 

A-B-X^-(B-A) 

wnerem eacn A is a ooiymer block consisting essentially of a 
monovmyuaene aromatic monomer and. ootionaily. a conjugated d-ene. 
35 each 3 s a poivmer clock consisting essentially of a conjugated diene, X is 

tne remnant of a multifunctional coupling agent, m is 0 or 1 , and n is an 
nteger ^om 1 to 5, eacn monovinyl dene aromatic monomer block havma 
a weignt average moiecuiar weight from 8, COO to 1 5,000 Daitons, each 
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coniugatea ciere z\oc< -av rc a we a-: avenge -oiecuiar weight von 
-u.cu^ .c ^ ^ ^ . ■ J C l _)a : tors 

oot.ona ry, a c :uent -Amcr s comoat.oie wi:r t-e S OiocK, ana 
c. -ne -es c.e a s— racta-t caoaole o* emu;s,f y ,ng components A ana 3 m 
5 .vate f ; 

A/ne^.r r^ e a cIock connrses 5 to 25 oercer.t by weight or tne nyorccaroon orase ana 
exmo ts an e«ect.ve onase vc.nemre rycrocamon erase ^'rom io to 1 8.5 oercent ana :ne 
5m ° un: 0faHj€Pt 3resen: s sy«ic.ent to acneve tne aesirea effective onase volume of the A 
oiock wnere- tne fi«m demonstrates a tens,e strengtn of - 0 MPa cr greater wren annealed 
« 0 at 80°C for 30 n- rutes. 

'9 A uim accoramg to Cairn 1 7 wnich comprises; 
»a) one or more bioc< toooivmers, 

to; o a^uem comprising a naonthenc o* hyaroca-oon om or a ooiymer 
comoatiDie witn tne 3 Bloc* of m e coooiymer, ana 
'5 'C; a surfactant 

20. A fiim acco'Qjng to C;aim 1 7 wmcn comonses two or more Diock copolymers 
ana a resiaue o: the surfactant wnere.n tne average A dIock content of the two or more oiock 
copolymers ;s from 5 to 25 percent oy weignt and wherein the monov.nyi idene aromatic 
monomer oIock of eacn of tne two or more block copolymers has a weight average molecular 
2 0 weight of from 3,000 to 1 5,0C0 Daitons. 

2 1 A film according to Ca.m 1 7 where. n the surfactant is present ,n an amount 
of from 0.5 to 10 oercent oy weight. 
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